Forum for Electromagnetic Research Methods and Application Technologies (FERMAT) 


Surrogate modelling of the Exposure 
Assessment induced by antennas 


TELECOM 





‘Tech 


m RUN 


nee. "Télécom 





From Deterministic to stochastic 
approaches 


J. Wiart 





http://chairec2m.mines-telecom. fr 








Overview 


V 


BS 
* Advantages and Limits of the deterministic 
approaches 


* Challenge of the surrogate modelling 
* Conclusion 








Large efforts dedicated to determinitic 
dosimetry since 20 years 
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With HPC, GPU,.. simulations that can be achieved are 
larger and larger, faster and faster 
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International efforts and cooperation to 
develop anatomical models 
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Dipole Patch Monopol project 


Challenge of evolving technologies and 
usages 
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GSM, 3G 3G+, 4G, 5G. 
Densification, Small cell, Massive Mimo, Beamforming 


Variable 
Age 
Posture 
Technology 





e 


TELECOM 
isTech 





WE institut Mines-Télécom 


Statistical Framework 
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O(x,,x,,.x,.x )= SAR(X,,x,,.x,,..x ) 


Oto — J CX, (w), X, (w),..X, (w),..X,, (@)) 
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Surrogate 
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VQ Non Intrusive Methods 





Y(o) - M(X(o)) Z=S AZ, 


then (wiener 1938) 
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Polynomial chaos 
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Y= » B, (X) 


Where D, are the coefficients of the JY, (xP, (x) fy (x)dx = Ô, 
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polynomial chaos expansion. 
f. (x) is the pdf of X 


V are the orthogonal basis of the 
PCE 


In case of multidimensional vector 


Polynomials 
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Hermite Chaos 


P. Can be used to perform the 
sensibility analysis 


Legendre Chaos 









m XEM institut Mines-Télécom 


Occurrence 





Application to the influence of the 


Y phone position close to the head 
Vo FDID based on LHS 
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- Surrogate model of 
V Random function 


O(X,,X,,X.,X,, 


Large number of inputs 


Ot (X, ,X,,X.,X,) 


a random function 


e.G 3D stochastic city model 





— PLE value 
Gamma 
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Surrogate modelling based on 
4 Karhumen Loeve expansion 


Let {H(t,w), t € T) be a zero mean second order process. Its 
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covariance function is continuous and denoted as C(s,t). Assume | l 
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Then, | 


H(t, w) = Jim x v Ai&i(w)ó;(£) ` a A 




















As conclusion 


Dans la confusion trouver la simplicite 
De la discorde faire jaillir l'harmonie 
Au milieu de la difficulté se trouve l'opportunité 


Albert Einstein, 
Irois regles de travail 
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